Abstract.
Introduction
Recently, multiple-spacecraft observations have been often used to study magnetic structures in the solar wind. Their advantage, compared to single-spacecraft observations, is that they enable us to differentiate space and time variations of magnetic structures. Phan et al. [2006] and Gosling et al. [2007A] have applied multiple-spacecraft observations to analyze magnetic reconnection X-lines in the solar wind. They reached the conclusion that the reconnection X-lines can extend widely in space. Eastwood et al. [2002] studied the heliospheric current sheet (HCS) and a flux rope with observations from ACE and CLUS-TER. One of their results is that the flux rope orientation can change in space. These results from multiple-spacecraft observations cannot be obtained from single-spacecraft observations.
Flux ropes have been observed in the solar wind by Moldwin et al. [1995 Moldwin et al. [ , 2000 , and they suggested that these flux ropes might be generated locally in the solar wind. Basic characteristics, such as the length, diameter, and possible generation mechanism of the flux rope in the solar wind are still not well known. Individual-spacecraft observations suggested that a flux rope in the Earth magnetotail could be a two-dimensional structure, elongated in its nearly invariant third dimension [Slavin et al., 2003] . Multiple-spacecraft observations are still needed to confirm this conclusion. In situ observations in the solar wind by the two STEREO A and B spacecraft now provide an opportunity to study the scale of flux ropes.
A similar type of magnetic structure in the solar wind is magnetic clouds, which are generated in the solar corona and convected into interplanetary space by the solar wind. (To avoid confusion, the flux ropes mentioned in this paper do not include magnetic clouds, which are large flux-rope-type structures.) Both flux ropes and magnetic clouds show signatures of a helical magnetic structure in the observations. Moldwin et al. [1995] studied a small-scale flux rope in the solar wind, which is in close proximity to a heat flux dropout at the heliospheric current sheet (HCS). Moldwin et al. [2000] identified several differences between these small-scale flux ropes and magnetic clouds. The average estimated diameter of magnetic clouds is around 6350 R E (Earth Radii) [Lepping et al., 1999] , but the size of the flux ropes is about 20 times smaller. The plasma temperature inside flux ropes shows little change compared to the surrounding environment, while the temperature in magnetic clouds is usually lower than in the ambient solar wind. There is no expansion for these flux ropes, but magnetic clouds usually show expansion at 1 AU (Astronomical Unit). Based on these differences, Moldwin et al. [2000] suggested that the flux ropes might be generated by local magnetic reconnection in the solar wind, instead of being convected from the solar corona like magnetic clouds. Feng et al. [2007] carried out a statistical study about flux ropes and magnetic clouds. In contrast to the findings of Moldwin et al. [2000 ], Feng et al. [2007 found that the crossing time of the flux ropes varies continuously from tens of minutes to tens of hours. Though the results in Feng et al. [2007] are not totally conclusive, they suggested that, like magnetic clouds, these interplanetary magnetic flux ropes are manifestations of small coronal mass ejection (CME) events, which are too weak to appear in coronagraph observations. However, the statistical study of Cartwright and Moldwin [2008] on the flux ropes in the solar wind found that the size of the flux ropes appears to be bimodal, with the most events having less than four hours duration. This result suggests different source mechanisms for smallscale flux ropes and magnetic cloud.
In this paper, we will describe observations of a coherent structure in the solar wind from five spacecraft. The analysis shows that this magnetic structure is a flux rope, which is embedded in a Corotating Interaction Region (CIR). The magnetic field data from five spacecraft provide clear evidence that the flux rope is a quasi two-dimensional structure and extends in space. The diameter of the flux rope is about 90 times smaller than that of the magnetic cloud, which passes the spacecraft immediately before the flux rope.
Observations
In this section we show and discuss the in situ observations from five different spacecraft. to the magnetic field, which indicate that one end of these field lines is still connected to the Sun. In the core, there is a clear drop in the flux of the strahl electrons. calculate the magnetic pressure [Low, 1990] . The thermal pressure includes the ion and electron pressure.) At the rope center marked by the B L reversal versus time from 07:55 to 07:56, the spacecraft instruments measured an increase in density and temperature.
From panel e, we can see that the total pressure is around 0.065 nPa before and after the flux rope core. However, there is an increase by more than 20% to 0.08 nPa in the core. Based on these observations, we estimate the magnetic cloud size to be about 3600 R E .
A rough estimate of the flux rope diameter is 40 R E . The diameter of the flux rope core is ∼ 4 R E . The magnetic cloud is therefore 90 times larger than the flux rope, and 900 times larger than the flux rope core. The flux rope diameter is much smaller than its axial extent of 180 R E or more. The coherence of the magnetic signature observed by five different spacecraft strongly suggest that we are dealing with a quasi two-dimensional structure.
Discussion
The five separated spacecraft observed a similar bipolar signature of the magnetic field, indicating a special magnetic structure in the solar wind. To the best of our knowledge, field is very unlikely to be the reason for this observation. Another interpretation of the bipolar signature could be the crossing of a local current sheet or rotational discontinuity [Lepping and Wu, 2005] . Panel e of Fig. 3 shows that there is an enhancement by more than 20% of the total pressure in the core of this magnetic structure. This excess pressure should be balanced by the inward curvature force of the magnetic field. The observed pressure enhancement is not expected at the crossing of a solar wind current sheet or rotational discontinuity, because the magnetic field of the current sheet or rotational discontinuity is not supposed to provide a significant curvature force. The remaining third interpretation of the bipolar signature is the crossing of a flux rope, which could well provide the necessary inward curvature force [Tu et al., 1997] . Since the observed magnetic-field signature and the pressure enhancement are consistent with the crossing of a flux rope, we conclude that this interpretation is the most likely one. The electron signature from STEREO, which will be discussed below, gives further evidence confirming the flux rope. As the orientation of the flux rope did not change in space and time within the range of our observation, this evidence leads us to conclude that the flux rope is a coherent structure [Hughes and Sibeck, 1987; Moldwin and Hughes, 1991] .
Strahl electron observations helped us in specifying the magnetic field topology. The loss of the strahl electrons in the solar wind can be due either to magnetic disconnection from the Sun [Gosling et al., 2005B] or to scattering [Crooker et al., 2003; Crooker and Pagel, 2008; Pagel et al., 2005] . If the core of the structure is disconnected from the Sun, the core should be isolated from the ambient solar wind with observed sharp boundaries to the surrounding magnetic field lines, which are connected to the Sun. An alternative explanation for this electron drop out is local Coulomb scattering. However, the ratio of the mean free path to the size of the structure is around 10
4
, so local scattering due to
Coulomb collisions within the core of the structure cannot be responsible for the electron signature of this event. Another possible scattering mechanism is wave-particle interaction. In this case, the wave should be trapped inside the core of the structure and highly guided along the magnetic field, because there is no loss of strahl electrons outside of the core. This means again that the core of the structure should be magnetically isolated from the surrounding environment. From the list of above possibilities, magnetic isolation of the core appears to be the most plausible cause. The abrupt disappearance of the strahl electrons rules out the possibility of a local current sheet and rotational discontinuity. opposed to one that has a pre-existing guide field [Karimabadi et al., 1999] . Further work is still needed to clarify this issue. 12a in Slavin et al. [2003] ). Based on the data from five spacecraft, our observations demonstrate that the flux rope is a quasi two-dimensional magnetic structure, extending over at least 180 R E in space. The variation of the flux rope orientation in space is another important issue. With the observations from ACE and CLUSTER, Eastwood et al. [2002] found that the orientation of a flux rope changes in space, which may be caused by the nearby bow shock. For our event, all the data are taken in the solar wind. According to the MVA for this flux rope, we did not find a systematic bending of the flux rope axis (M F R direction) along the 180-R E extension in space. This means that the flux rope orientation can stay constant in the solar wind, a conclusion that cannot be obtained with single-spacecraft observations.
Two possible mechanisms have been proposed to explain the presence of a flux rope in the solar wind. One is that local magnetic reconnection in the solar wind can generate these small-scale flux ropes [Moldwin et al., 2000] . The other one is that the flux ropes are convected from the Sun and related to coronal mass ejections (CMEs), which are similar to magnetic clouds [Feng et al., 2007] . From Fig. 4 we can see that this flux rope and the magnetic cloud are two types of structures with different scales. The diameter of the flux rope is around 40 R E . If we map this structure to the solar corona, the size of this flux rope will become ∼1000 km, which is twenty times smaller than a typical supergranule.
It seems to us very unlikely that such a small-scale structure was generated in the solar corona. If the flux rope was really generated in the corona, it might not be easy for this flux rope to survive from the corona to 1 AU in the CIR, which is a highly compressive and flux rope originated in the solar corona, we suggest it is more likely that the flux rope was generated locally by magnetic reconnection in the solar wind.
Conclusion
An extended flux rope in the solar wind was observed and studied on the basis of observations from five spacecraft. The analysis shows this flux rope is a quasi two-dimensional magnetic structure, and the orientation of its invariant axis does not change in space and 
